The channel of exchange rate impact on domestic prices through foreign direct investment draws upon the effect associated with relocation of foreign firms' manufacturing facilities and respective changes in FDI channels. In case of persistent depreciation of the national currency in any country foreign exporters would find it more beneficial to relocate their manufacturing facilities (or set up new ones) to this country, thereby increasing its domestic output, driving up the labor demand, raising wages and therefore domestic prices.
According to a basic concept of cross-country price ratios -purchasing power parity (PPP) 1 -exchange rate fluctuations pass-through into domestic prices must be complete, i.e. exchange rate elasticity of domestic price level must be equal to 1 (or 100%). In many cases, however, the assumptions underlying the PPP concept fail to be met de facto (e.g. because of transaction costs, etc.), which may result in an incomplete pass-through effect, as well as differences in its magnitude and peculiarities governed by features of national economies.
This fact can be explained by microeconomic effects governed by special features of the commodities market structure in various countries and firms' behavior.
Therefore, differences in ERPT between various countries can be determined by:
-transportation costs which increase the value of imported goods and flatten the effect of exchange rate fluctuations on aggregate price indices ; -differences in the structure of consumption (in which the share of imported goods may vary; McCallum, Nelson, 2000) and services (consumers pay for nontradable services etc., therefore the price share of goods affected by exchange rate fluctuations may be small while the pass-through effect incomplete; Bacchetta, Wincoop, 2003) ;
-price discrimination (Bacchetta, Wincoop, 2003) ;
-possible discrimination of various markets (pricing-to-market; Knetter, 1994) -the value of the pass-through effect will vary in various markets;
1 See Drobyshevskiy, Sinelnikov, Trunin, 2011. -differences in firms' pricing models -ERPT is stronger when a price level and output volume are selected to maximize total profit (Phillips, 1988) , whereas it gets weaker when the goal is to maximize the market share (Ohno, 1990) ; -currency of pricing -a currency in which goods are priced - (Gopinath et al., 2007) , and firms' currency selection decisions (Devereux et al., 2004) (Obstfeld, 2001) ;
-the degree of market segmentation (Goldberg, Knetter, 1996) -ERPT is weaker in more segmented industries in which firms have more opportunities for consumers discrimination;
-expectations of future exchange rate dynamics (Froot, Klemperer, 1989) .
Macroeconomic situation in a country plays a significant role in estimating the pass-through effect value. For example, a highly volatile exchange rate makes it less beneficial for importers, resulting in a weaker ERPT (Engel, Rogers, 1998 ). An overall steady demand for goods also may impact the magnitude of the effect -frequent changes of the demand make it less beneficial for importers to change prices, resulting in a weaker ERPT (Mann, 1986 ).
According to the Taylor's conclusions the higher is the level, duration and volatility of inflation, the stronger is the pass-through effect (Taylor, 2000) . The authors of other papers confirm this relationship, showing that countries with low inflation are facing a mild ERPT, whereas it gets stronger in most of the countries with traditionally high inflation (Engel, 2002; Calvo, Reinhart, 2002) . It has been revealed that the pass-through effect gets weaker as the economy becomes more stable (Gagnon, Ihrig, 2004; McCarthy, 2000) . Additionally, a few papers suggest that disinflation is the key stabilizing factor that flattens the pass-through effect (Takhtamanova, 2010) .
Asymmetric price rigidity may be another reason for incomplete and variable ERPT (Dolado et al., 2005) : goods` prices demonstrate different responses to changes in their manufacturing costs, being less responsive to reduction and more responsive to rise in manufacturing costs. Therefore, changes in the exchange rate which drive up or down the value of intermediate goods will lead to changes in manufacturing costs of final goods, thereby influencing in different ways the dynamics of final prices, i.e.
the pass-through effect may vary under appreciation and depreciation of national currency (Cozmânca, Manea, 2010) . Additionally, a few papers demonstrate that the higher is inflation in a country, the bigger is ERPT asymmetry (Flodén, Wilander, 2006 ).
There are many studies which are dedicated to empirical estimation of the passthrough effect in various countries. According to the estimates obtained for developing countries, ERPT may vary within a wide range of 30-40% in a month (Stavrev, 2003) to 30% quarterly, and 50-70% over two-three quarters (Oomes, Ohnsorge, 2005) .
Exchange rate pass-through effect in Russia: estimation
A comparative analysis of different approaches to empirical estimation of the pass-through effect has led to the following conclusions. First, the following key research methods have been distinguished:
-panel data models (Bailliu, Fujii, 2004; Ball et al., 1988 et al.) ;
-estimation of simultaneous equations systems (Salitsky, 2010) ; -vector autoregression models or vector error correction models (Beirne, Bijsterbosch, 2009; Bitans, 2004 et al.) .
Second, the models set up in the foregoing papers allow to obtain ERPT estimates for different countries as well as for each country in particular. Table 1 presents the characteristics of the variables used for estimation. The specification of the vector error correction model to be used for estimation is as follows:
where is endogenous variables vector ( , ℎ , 2 , ); is exogenous variables vector ( ); is random error vector; Π 0 , Π 1 , Π 2 , Π 3 are coefficient matrices.
All variables are represented in logarithms, and −1 denotes lagged residuals of cointegration relationship. In case of more than one cointegration relationships the estimated model specification is supplemented with vectors of residuals for detected extra cointegration relationships.
Hence for each of three variables reflecting the ruble exchange rate indicator a model is estimated using each of the five dependent variables corresponding to different price indices.
The variable is considered as exogenous when the models are estimated, because oil price level is determined on the global market and cannot be influenced by the other variables in question. The other variables were considered as endogenous.
Observations corresponding to appreciation and depreciation of the exchange rate are selected from the total sample to assessexchange rate pass-through asymmetry.
ℎ + denotes a series of positive partial sums corresponding to the periods of ruble appreciation, while ℎ − denotes a series of negative partial sums corresponding to the periods of ruble depreciation. Such expressions for these time series can be written as follows:
The model (1) can therefore be written as follows:
where ̃ denotes endogenous variables vector ( ,
denotes exogenous variables vector ( ); ξ t is random error vector; Π 0 , Π 1 , Π 2 , Π 3 are coefficient matrices. This model specification allows ERPT asymmetry to be considered not only in the short but also long-term period. Zivot-Andrews test allows the date of structural change (considered endogenous) in the dynamics of any given variable to be determined.
The approach for estimating structural changes in ERPT involves performing calculations (estimating the model (1)) in each of the specified sub-periods and comparing obtained ERPT estimates.
The model (3) specification is estimated to detect the impact of exchange rate volatility on ERPT, which can be written as follows:
where ̆ is endogenous variables vector ( , ℎ , , ℎ _ ); ℎ _ is squared deviation vector for exchange rate indicator; is exogenous variables vector ( ); is random error vector; Π 0 , Π 1 , Π 2 , Π 3 are coefficient matrices.
Comparing the coefficients obtained from estimation of the model (3) and model
(1) allows to make conclusions about the extent to which exchange rate volatility impacts ERPT.
Estimation results
The Johansen test results show several cointegration relationships depending on the used base test-statistics 2 . In case of different number of cointegration relationships any given specification of the vector error correction model is selected on the basis of 2 Trace or Maximum Eigenvalue statistics.
information criteria, of which preference was given to the Schwarz criterion. The maximum number of cointegration relationships is three for all model specifications.
To ensure comparability of the obtained estimates three cointegration relationships are used in all model specifications.
Note that different number of lagged variables in the above stated models can be selected for different price indices and exchange rate variables. Therefore, equal number of lags is required in the model for the purpose of estimates comparability for different specifications. Different criteria (as part of a test for optimal lag number -lag length criteria test) are used to select an optimal number of lags, of which preference was given to the information (Schwarz) criterion. The test results show that the optimal number of lags is 1. The results presented in Table 2 show that in the short-term period (1 month) the hypothesis of the absence of exchange rate pass-through to prices is rejected at a 5% significance level for all combinations of the price indices and variables reflecting the exchange rate. In other words, a significant pass-through effect is observed in the shortterm period. ERPT asymmetry was analyzed by estimating the model (2) which uses variables reflecting appreciation and depreciation of the national currency.
The hypothesis of equal ERPT for different price indices is rejected. The hypothesis of complete ERPT 3 is rejected for all combinations of price indices and exchange rate indicators. Estimate of ERPT for the consumer price index (CPI) is 4.6%
3 The ERPT is complete if the exchange rate shock pass-through to prices is complete. Within the framework of the forequoted hypotheses complete ERPT corresponds to a sum being more than or equal to 1, of indicators of price level elasticity to exchange rate.
during the first month. The CPI shows weak response to changes in the exchange rate, changes are estimated about 10.1% during the first three months, 28.1% during six months. CPI changes driven by changes in the nominal effective exchange rate of the ruble reach 47.7% within a year. The ERPT estimates obtained for the ruble-dollar and ruble-euro exchange rate are virtually the same in the short-term period (2.8% and 2.9% respectively). In time, however, ERPT for the ruble-dollar exchange rate accumulates faster, and eventually a 12-month ERPT cumulative value is about 85.5% for this indicator and 57% for the euro-ruble exchange rate indicator.
The results presented in Table 2 show that the hypothesis of absent ERPT asymmetry is rejected for all of the price indices. In other words, prices (different price indices) respond in different ways to appreciation and depreciation of the national currency. It is seen that when the ruble exchange rate depreciates ERPT (nearly for all specifications) is above the level observed throughout the entire considered period.
When the ruble appreciates, ERPT estimates have a positive sign and are positive for all combinations of price indices and exchange rate variables. Therefore, the price level grows as the ruble appreciates, but at a slower rate than when it depreciates.
In Table 3 Table 4 presents the estimation results of all model specifications on the subsamples which in most cases show changes in ERPT, except that a considerable part of its estimates on the first sub-sample (January 2000 to December 2008) is found to be statistically insignificant. It is evident from comparing the estimates obtained for the second sub-sample with the estimates throughout the entire period presented in Table 2 (as well as in Table 4 ) that the ERPT estimates are higher for the second sub-sample. of 1975 -2004 (Ca'Zorzi et al., 2007 Period of 1975 -2004 (Ca'Zorzi et al., 2007 Period of 1996 -2002 (Stavrev, 2003 PPI (producer price index) 1995 -2008 (Bitans, 2004 ) Period of 1995 -2002 (Dobrynskaya, Levando, 2005 Food products price index 45% during one month 56% during 6 months 4.2% Period of 1995 -2002 (Dobrynskaya, Levando, 2005 Non-food products price index 55% during one month 29% during 6 months 3.2% 11.5% 74.7% Period of 1995 -2002 (Dobrynskaya, Levando, 2005 ) Period of 2003 (Dobrynskaya, 2007 Data source: authors' estimates. The effect of exchange rate indicator volatility on ERPT is studied by estimating the model (3). The difference between the obtained estimates and the results of the model (1) allows the degree and nature of the exchange rate volatility effect on ERPT to be determined (Table 5) . Some coefficient estimates are statistically insignificant. However, the major part of statistically significant estimates see a slight increase in ERPT absolute value vs. the estimates obtained for the model (1). Therefore, the exchange rate volatility gives rise to reduction of ERPT. This presumably reflects the effect of expectations on its magnitude: economic agents revise prices less frequently due to a high volatility of exchange rate. Additionally, the effect of multidirectional exchange rate shocks can be reciprocally offset, because a substantial number of such shocks may, amid high volatility, occur within a short period.
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* * *
The effect of the national currency exchange rate changes on domestic prices should be estimated to ensure that the central bank is able to conduct an efficient monetary and foreign exchange policy. Analysis of the theoretical and empirical literature dedicated to studying the pass-through effect allowed a ERPT estimation 17 methodology to be developed in Russia and the hypotheses about ERPT scale and structural properties tested.
The baseline estimates obtained for the period of January 2000 to July 2012 show a statistically significant ERPT in the short and medium-term period. Furthermore, the pass-through effect is incomplete in both periods.
A short-term ERPT (1-month period) is statistically significant for all of the price indices under review, averaging 3-5% for CPI, 3-12% for PPI, 1-2% for BCPI, 2-3% for the non-food products price index, and about 5% for the food products price index.
Note that the dollar exchange rate pass-through to consumer prices tends to be higher than the euro one. This is presumably associated with the fact that the US dollar show ERPT asymmetry in Russia as well. Estimation of an impact of the exchange rate volatility on ERPT shows that increase in the former makes the latter slide down a bit, which is presumably explained by the effect of economic agents' expectations, as well as reciprocal offset of shocks.
18
Analysis of structural changes in ERPT shows significant differences for the two sub-periods under review (January 2000 to December 2008, and January 2009 to July 2012). According to our estimates ERPT value increased in absolute terms in the second sub-period against the first one. However, no conclusion can be drawn about cause-effect relations between the detected structural changes in ERPT and changes in the Central Bank's monetary policy, because the second sub-period is fairly short; additionally, the global economic crisis might have a strong impact on the estimates.
The effect of the transition to an inflation targeting policy on ERPT specific features cannot be reliably estimated until the global crisis effects have worn out completely and the Central Bank finished the transition to the policy, which is to be done by 2015.
